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Once genetically engineered microorganisms have been grown in a fermentation
process, their components are separated using the centrifuges shown here. Further
separation is then required to isolate the one protein that is desired from the
thousands of other proteins produced by the microorganism. The isolated protein
must be rigorously purified to eliminate contaminants from the final product. In
many cases, this separation and purification process is more expensive than the
original fermentation.

or revert to an earlier genetic state during fermentation, making the
products of the fermentation useless.

The separation and purification of products from dilute aqueous
solutions presents another set of problems. In many pharmaceutical
applications, this phase of production costs more than the fermentation
itself In addition to such standard techniques as distillation, drying,
and precipitation, bioprocess engineers are experimenting with the use
of ultrafiltration, high-performance liquid chromatography, electro-
phoresis, and antibody technology to recover products.

There is a pressing need in biotechnology for microorganisms better
suited to fermentation technologies. For instance, the bacterium Esch-
erichia coli, which has been widely used in genetic engineering,
manufactures its products intracellularly and also produces highly
toxic substances called endotoxins that must be rigorously eliminated